ABSTRACT: Acetyl fentanyl (N-[1-phenethylpiperidin-4-yl]-N-phenylacetamide) is a potent opioid analgesic with no medicinal uses. We report deaths between 2016 and 2017 at the Medical Examiner's Office in Detroit, MI where acetyl fentanyl was found in the decedent's blood and compare them to previously published deaths between 2015 and 2016. The recent cases (cohort B) had a mean acetyl fentanyl concentration of 0.9 ng/mL (range: 0.1-5.3 ng/mL) and an associated higher concentration of fentanyl along with multiple other drugs present. The older cases (cohort A) had higher concentrations of acetyl fentanyl (mean: 8.9 ng/mL; range: 0.28-37 ng/mL) with lower, yet still toxic, concentrations of fentanyl. We conclude that the cause of death in these recent cases was likely multiple drug toxicity with fentanyl and that the consistently observed lower peripheral blood concentrations of acetyl fentanyl are most likely an artifact in the manufacture of the consumed illicit fentanyl.
KEYWORDS: forensic science, forensic pathology, forensic toxicology, opioid abuse, acetyl fentanyl, fentanyl, overdose, synthetic opioids Acetyl fentanyl (N-[1-phenethylpiperidin-4-yl]-N-phenylacetamide), a derivative of fentanyl, is a non-prescription synthetic opioid that is 15 times more potent than morphine but much less potent than fentanyl (1). It has not been approved for medical use in the United States and published studies on safety for human use have yet to be performed (1) . Acetyl fentanyl acts as a mu receptor agonist causing mood alterations, euphoria, drowsiness, and respiratory depression (1) . It is not detected on most immunoassay drug screens (1) . To confirm the presence of acetyl fentanyl, gas chromatography/mass spectrometry (GC/MS) must be performed (1) on a positive immunoassay screen for fentanyl.
The first outbreak of acetyl fentanyl-related deaths in the United States was reported in Rhode Island after 14 fatalities occurred between March and May 2013 (2) . Since then, cases have been reported in multiple states throughout the United States, including California, Louisiana, Maryland, North Carolina, Oregon, Pennsylvania, and Wisconsin (1) . The first detected acetyl fentanyl-related death at the Wayne County Medical Examiner's Office in Detroit, Michigan was in March 2015. We report concentrations of all acetyl fentanyl-related deaths at our office from 2015 to 2017.
Methods

Data Collection
We performed a search of all toxicology reports from decedents at the Wayne County Medical Examiner's Office in Detroit Michigan between February 2015 and January 2017. In all, 104 cases were selected that contained acetyl fentanyl as a positive finding on the submitted toxicology blood, performed on either the antemortem hospital blood or postmortem peripheral blood collected at the time of autopsy. Each case was reviewed and data were collected regarding age, gender, ethnicity, acetyl fentanyl concentration, fentanyl concentration, norfentanyl concentration, and other drugs present on the toxicology report. The data were divided into two cohorts for analysis: Cohort A (February 2015-April 2016) and Cohort B (April 2016-January 2017).
Analytical Methods
All cases presented were submitted to NMS Labs (Willow Grove, PA) for comprehensive toxicological analysis by a liquid chromatography-time of flight/mass spectrometry (LC-TOF/MS) screen for approximately 250 drugs and their metabolites including fentanyl, norfentanyl, and acetyl fentanyl. Confirmatory testing was performed by quantitative liquid chromatography tandem mass spectrometry (LC-MS/MS) operated in positive electrospray multiple reaction monitoring (MRM) mode. Analytes on the confirmation panel included fentanyl, norfentanyl, alfentanil, sufentanil, and acetyl fentanyl. The quantitative 1 reporting limit for all analytes was 0.10 ng/mL except for norfentanyl which was 0.20 ng/mL. All methods used were fully validated as part of routine testing performed at NMS labs. An isotopically labeled internal standard was used for each analyte in the panel.
Results
The first acetyl fentanyl-related death at the Wayne County Medical Examiner's Office in Detroit, Michigan was in February 2015. We report 104 acetyl fentanyl-related deaths between February 2015 and February 2017 where acetyl fentanyl was found in the decedent's peripheral blood. There were 49 deaths in 2015, 50 deaths in 2016 and 5 deaths in January 2017. The average age during this time period was 39.8 years old and 66% of the cases were male, 34% were female, 63% were white, 34% were black, and 3% were Hispanic. Fentanyl was present in all but one case (99%) and norfentanyl was present in 74 cases (71%). The average acetyl fentanyl concentration was 6.8 ng/mL (range: 0.1-37 ng/mL; median: 4.1 ng/mL). The average fentanyl and norfentanyl concentrations were 27.4 ng/mL and 3.1 ng/mL, respectively. Heroin was also present in 68 (65%) of the cases, cocaine in 47 (45%), ethanol in 22 (21%), benzodiazepines in 38 (37%), and other opiates in 19 (18%). Notably, every case had multiple drugs present. All 104 cases were considered drug overdose deaths and the manner of death for each case was ruled accidental.
There were 78 acetyl fentanyl-related deaths reported between February 2015 and April 2016 (cohort A). The average age was 38.4 years and 53 (68%) of the cases were males, 25 (32%) were females, 53 (68%) were white, 24 (31%) were black, and 1 (1%) was Hispanic ( Fig. 1) . Fentanyl was present in 77 (99%) of the cases and norfentanyl was present in 55 (71%) of the cases. The mean acetyl fentanyl concentration in the blood was 8.9 ng/mL (range 0.28-37 ng/mL; median: 5.8 ng/mL; Fig. 2 ). The mean concentrations of fentanyl and norfentanyl were 24.1 ng/mL (range: 1.1-340 ng/mL; median 16 ng/mL) and 2.8 ng/mL, respectively. Heroin was present in 54 (69%) of the cases, cocaine in 36 (46%), ethanol in 15 (19%), benzodiazepines in 32 (41%), and other opiates in 15 (19%) ( Table 1) .
Between April 2016 and January 2017 (cohort B), there were 26 acetyl fentanyl-related deaths reported at the Wayne County Medical Examiner's Office. The average age was 44.3 years and 16 (62%) of the cases were males, 10 (38%) were females, 13 (50%) were white, 11 (42%) were black, and 2 (8%) were Hispanic (Fig. 1) . Fentanyl was present in all 26 (100%) cases and norfentanyl was present in 19 (73%) cases. The mean acetyl fentanyl concentration in the peripheral blood was 0.9 ng/mL (range: 0.1-5.3 ng/mL; median: 0.4 ng/mL; Fig. 2 ). The mean concentrations of fentanyl and norfentanyl were 37.4 ng/mL (range: 5.8-230 ng/mL; median 24 ng/mL) and 4.1 ng/mL, respectively. Heroin was present in 15 (58%) of the cases, cocaine in 11 (42%), ethanol in 7 (27%), benzodiazepines in 6 (23%), and other opiates in 4 (15%) ( Table 1) .
Discussion
Opioid-related deaths have continued to increase in the United States and are estimated to be involved in 66% of all drug overdose deaths (3). More than 140 Americans die each day as a result of an opioid-related overdose (3). One particular state that has been impacted by the epidemic is Michigan. According to the Michigan Department of Health and Human Services (MDHHS), the amount of opioid overdose deaths in Michigan has increased more than 17 times (from 99 to 1699 per year) from 1999 to 2016 (4). In 2017, half of the drug-related deaths in Wayne County, Michigan were attributed to fentanyl, followed by heroin and then cocaine (5) .
Fentanyl, (N-(1-(2-phenethyl)-4-piperidinyl-N-phenyl-propanamide) is a potent synthetic opioid with multiple therapeutic uses which has become a common drug of abuse. Recently, synthetic fentanyl analogs have become popular due to their increased potency in comparison to heroin or morphine. 3-Methylfentanyl or "China White" was one of the first designer fentanyl analogs that were responsible for overdoses in the 1970s and 1980s in multiple states (6) . Carfentanil, a fentanyl analog used as a large animal tranquilizer, was brought to the forefront in 2016 after a series of deaths in Ohio (7). Another appeal of fentanyl analogs is that they are easily acquired on the street and from the Internet (8) . Additionally, typical urine drug screens for illicit drugs, such as those performed in the hospital setting or by an employer, will not pick up fentanyl or analogues (1), making detection difficult and they lack the legal ramifications of wellknown opioids, as they are often too new to be scheduled under the Controlled Substance Act (8) .
Acetyl fentanyl, (N-[1-phenethylpiperidin-4-yl]-N-phenylacetamide) is a non-prescription, synthetic fentanyl analog with no medicinal uses. Acetyl fentanyl-related deaths were first reported in Rhode Island in 2013 and since then, have become widespread throughout the United States. In June 2015, the Drug Enforcement Administration (DEA) placed acetyl fentanyl temporarily into Schedule 1 Controlled Substance and on June 7, 2017, the DEA made that classification permanent (9,10). In October 2015, China, the principal supplier of the acetyl fentanyl to the United States, banned acetyl fentanyl, making it less readily available (11).
We have followed the trends and concentrations of acetyl fentanyl-related deaths at the Wayne County Medical Examiner's Office in Detroit, Michigan since the first reported case in our office in 2015. We report 104 acetyl fentanyl-related deaths between February 2015 and January 2017 where acetyl fentanyl was found in the decedent's peripheral blood. According to the United States Census Bureau 2010 Census, the population in Wayne County, Michigan is estimated to be 1.8 million. This is composed of 48% males and 52% females with an average age of 37.3 years. The population was estimated to be 52% white, 40% black, and 5% Hispanic.
The acetyl fentanyl-related deaths at Wayne County between 2015 and 2017 showed a similar demographic to that of the US Census with an average age of 39.8 years old, and the majority of deaths being a white male. Fentanyl was present in all but one case and norfentanyl, a metabolite of fentanyl, was present in almost three-quarters of the cases. The average acetyl fentanyl concentration was 6.8 ng/mL (range: 0.1-37 ng/mL; median: 4.1 ng/mL). Every case had additional drugs present with heroin being the most common (65%) and cocaine being the second most common (45%).
When breaking down the cases between two time periods, 2015-2016 (cohort A) and 2016-2017 (cohort B), there were a few notable findings. While the demographics were largely identical, and fentanyl was present in nearly all cases (99% in cohort A and 100% in cohort B), the acetyl fentanyl and fentanyl concentrations differed. The data from 2015 to 2016 (cohort A) had an average acetyl fentanyl concentration of 8.9 ng/ mL (range: 0.28-37 ng/mL; median: 5.8 ng/mL), which was much higher than the 2016-2017 (cohort B) average concentration of 0.9 ng/mL (range: 0.1-5.3 ng/mL; median: 0.4 ng/mL). fentanyl concentrations ranging from 192 ng/mL to 700 ng/mL (12-15) ( Table 2 ). In 2016, Dwyer et al. reported 41 cases with an average acetyl fentanyl concentration of 169 ng/mL (range: 0.13-2100 ng/mL) (16). Isenschmid et al. presented 18 cases with an average concentration of 160 ng/mL (range: 0.58-730 ng/mL) and Poklis et al. reported 7 cases with an average of 271 ng/mL (range 6-600 ng/mL) (17, 18) .
In our study, all 26 of the recent cases (cohort B) had acetyl fentanyl concentrations below 5.3 ng/mL with an associated higher concentration of fentanyl in the peripheral blood. The 78 older cases (cohort A) had a higher average acetyl fentanyl concentration with a lower, yet still toxic, concentration of fentanyl. We conclude that the causes of death in the recent cases were most likely due to multiple drug toxicity with fentanyl. However, it should be emphasized that acetyl fentanyl was certainly contributory to the cause of death in cohort A and in earlier reported studies with higher concentrations. In the absence of fentanyl, such as is in the Rhode Island cases and others, acetyl fentanyl was likely the primary cause of death. Since acetyl fentanyl has not been reported in association with the clinical use of fentanyl, the consistently observed lower peripheral blood concentrations of acetyl fentanyl are most likely an artifact in the manufacture of the consumed illicit fentanyl.
To further investigate this hypothesis, a search was performed on the NMS labs database for all of the 2017 postmortem fentanyl analyses, to look specifically at cases where the decedents were over 75 years old. As this age group is not typical of intravenous drug abuse candidates, it was felt that this group would represent cases where fentanyl present was likely pharmaceutical fentanyl. There were 129 total cases that were positive for fentanyl and all 129 of these cases were negative for acetyl fentanyl.
Conversely, of the 10,673 cases positive for fentanyl in 2017, there were 1644 cases in which acetyl fentanyl was detected. Of these, 1633 (99.3%) were also positive for fentanyl. For the remaining 11 cases, one case was an acetyl fentanyl death (250 ng/mL) and all of the remaining cases had acetyl fentanyl concentrations below 2 ng/mL. Of these, three were positive for other designer fentanyls (cyclopropyl fentanyl (two cases), and methoxyacetyl fentanyl (one case). The remaining seven cases were inconclusive due to limited additional testing. In a review of seized drug exhibits tested at NMS labs, dilute and shoot analyses demonstrated that acetyl fentanyl was detected in some fentanyl exhibits (Personal communication with A. Krotulski, 2018). The acetyl fentanyl to fentanyl ratio could be relatively consistent or very variable depending on the source of the exhibit, but in no cases did the acetyl fentanyl response exceed that of fentanyl. In conclusion, more recent cases from the Wayne County Medical Examiner with acetyl fentanyl present suggest that it is a byproduct from the fentanyl source, whereas earlier cases may represent acetyl fentanyl being an intended component. Of course, the changes between the observed acetyl fentanyl concentrations between cohorts do not rule out a change in the production process nor the actual addition of acetyl fentanyl but does support the illicit source.
Acetyl fentanyl is a potent, synthetic opioid that was first reported in a cohort of drug deaths in Rhode Island in 2015. Since then, it has been responsible for deaths in other pockets throughout the nation. Compared to previously published acetyl fentanyl concentrations and compared to acetyl fentanyl concentrations first detected at Wayne County in 2015, we have seen much lower concentrations with associated higher concentrations of other drugs. We have concluded that these lower concentrations of acetyl fentanyl are most likely an artifact in the manufacture of the consumed illicit fentanyl. 
